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ABSTRACT

The principle purpose of this thesis research has been to map rock
types in an area selected for its occurrence of lead-zinc mineralization,
and particularly to examine the character and origin of breccias present
in the Leadville Limestone.

The thesis area is located in Colorado

along the east flank of the southernmost Mosquito Range, bounded by
Buffalo Peaks Volcanic field on the north and Trout Creek on the south.
Units mapped include the Sawatch Quartzite (Cambrian), Manitou Limestone
(lower Ordovician), Harding Sandstone (middle Ordovician), Fremont Lime
stone (upper Ordovician), Parting Quartzite (Devonian), Dyer Dolomite
(Devonian), and Leadville Limestone (Mississippian).

The Leadville

Limestone was found to contain breccia bodies, gossans, and mineraliza
tion with associated dolomitization.

The breccia bodies are interpreted

to have formed as a result of solution-collapse association with the
post-Mississippian unconformity surface.

Thin-section examination of

the cementing material for the breccias shows that it consists of fine
grained calcareous mud.

The indication by X-Ray analysis of illite

within one breccia body and the presence of illite in the Molas regolith
supports this idea.

The examination of polished sections prepared from

specimens collected from mineralized areas exhibits the ore minerals:
galena, sphalerite, chalcocite, covellite, and pyrite.

Fluid inclusion

study of sphalerite for filling temperatures yielded epithermal tempera
ture ranges.

The writer speculates that some of the zebra rock textures

in the thesis area may have developed as a result of replacement of rock
containing planar algal stromatolites.
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I.

A.

INTRODUCTION

LOCATION
The area described in this thesis extends southeastward from Buf

falo Peaks to a point about four miles southeast of Trout Creek Pass.
The thesis area includes fifteen square miles and is located along the
east flank of the southern end of the Mosquito Range, mainly in Chaffee
County, partly in Park County, Colorado, and in San Isabel and Pike
National Forests, respectively.

On the east side of the Mosquito Range

is South Park, the surface of which varies in elevation from 9,000 to
10,000 feet above sea level (Figure 1].

In the northern part of the

Mosquito Range, the peaks rise to more than 14,000 feet above sea level
and more than 2,000 feet above timber line, but south of Buffalo Peaks,
the range consists of ridges whose crests do not reach timber line.

The Paleozoic rocks which rest unconformably on a Precambrian ig
neous body, strike roughly north-south and dip eastward from fifteen
to twenty degrees.

The lower and middle Paleozoic rocks form a dip

slope bounded by Precambrian to the west; Pennsylvanian and Permian
sediments and the Trout Creek or Weston fault to the east; Buffalo
Peaks to the north; and Trout Creek to the south, near the old townsite of Newett (Figure 2).

Areas mapped for this thesis research were

restricted to those composed of Cambrian through Mississippian age sed
imentary rocks.

Sections mapped include the following or parts of:

Sections
Sections
Sections
Sections

34, 35, T. 12 S., R. 78 W.
1, 2, 12, 13, T. 13 S., R. 78 W.
18, 19, 20, 29, 32, 33, T. 13 S., R. 77 W.
4, 5, 9, T. 14 S., R. 77 W.
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Location of thesis area, Leadville district, Gilman
district, and Buena Vista in relation to physiography
in Central Colorado (from Behre, 1953).
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The summer of 1975 was spent in the thesis area and other areas
between Buffalo Peaks and Weston Pass (north of thesis area), along the
west side of the Trout Creek or Mosquito-Weston fault (see Figure 3 for
locations).

The field research involved mapping and sampling various

lithologies encountered in outcrops, and particularly examining features
believed to be related to mineralization, as observed on the surface
and on dumps from early prospect pits, trenches, and shafts.

B.

PURPOSE OF THE STUDY
The purpose of this thesis research has been to:

1) map and separate

the Paleozoic rocks into individual units which has not been done pre
viously in the thesis area; 2) examine mineralization, gossans, and re
lated host rocks by examining prospect pits and shafts throughout the
area; 3) examine through laboratory studies the possible relations of
mineralization in the thesis area to mineralization at known mining
districts, mainly through comparing the writer's observations with
those of earlier workers; 4) examine possible relations between brecciation, mineralization, zebra rock alteration, and gossan studies in
some detail during field mapping.

C.

METHOD OF INVESTIGATION
The thesis investigation involved three phases or stages:

1) field

reconnaissance, mapping, sampling, and note recording; 2) sample prepar
ation; 3) laboratory study.

The field study was initiated by a detailed examination of an out
standing exposure of the stratigraphic section, located in Sec. 3,

4

Figure 2.

View from south of Newett Quarries looking
northward along outcrop ridge to Buffalo Peaks.
Trout Creek lies in the valley to the east.
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Figure 3.

Location of thesis area and other locations
mentioned in this study. Locations:
1) Weston Pass Area; 2) Trout Creek Pass;
3) Kaufman Ridge; 4) Bassam Park.
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T. 14 S., R. 77 W., where U.S. 24-285 crosses Trout Creek.

Erosional

surfaces and road cuts have exposed the Precambrian, Sawatch, Manitou,
Harding, Fremont, Parting, and Dyer Formations.

The Leadville Formation

is exposed at the Newett Quarries, SW %, NW %, Sec. 3, T. 14 S., R. 77
W., where the Colorado Fuel and Iron Company quarried that limestone
(De Voto, 1961, p. 234).

An excellent exposure of a well developed

breccia body is present at this locality in the north quarry face.
Based upon the Trout Creek section, the various lithologies were sub
divided into mapping units which were traced northward toward Buffalo
Peaks.

Strike and dip were determined where suitable on bedding planes,

faults, and fractures.

Locations were determined so that field stations

could be plotted on the Buena Vista 15 minute topographic base map.
During field mapping, particular attention was paid to the many prospect
pits found throughout the section.

The prospect pits and shafts are located mainly at carbonatequartzite contacts, and more abundantly in the Mississippian Leadville
Formation than any other rock type.

For this reason, the Leadville For

mation warranted a closer examination by the writer as field work pro
gressed, and this unit became a subject of concentrated effort in the
thesis study.

Toward the end of the field season, many samples of

brecciated, mineralized, and altered Leadville Formation samples were
collected for thesis laboratory study.

Laboratory sample preparation included diamond saw slabbing, vi
brating lap polishing of flat slabs, thin section and polish section
preparation.

Polished thin sections were prepared for fluid inclusion

temperature of formation determinations, using a heating stage microscope.
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Laboratory study of the prepared samples included:

1) X-Ray dif

fraction study of c l a y minerals found in the breccia bodies; 2) photo
graphy of hand specimens and polished slabs; 3) optical microscopy of
thin sections of altered dolomite and breccia cements; 4) study of ore
minerals in polished sections by reflected light microscope; and 5)
heating of fluid inclusions in sphalerite, calcite, and dolomite for
temperature of formation determinations.
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II.

PREVIOUS INVESTIGATIONS

Many earlier workers have contributed to the geology of the area.
The literature on general geologic mapping and areal geology is fairly
complete.

However, for comparisons of mineralization and its effects

on host rocks, most of the work has been done at the Leadville and Gil
man districts to the north.

Several theses from the Colorado School

of Mines are among the most recent contributions.

A.

AREAL GEOLOGY
Emmons (1927) was the earliest of the workers in the area, in

connection with his work at the Leadville district.

Johnson (1934)

described the Paleozoic formations of the Mosquito Range and noted
comparisons of formation thickness at Trout Creek and Weston Pass.
Gould (1935) studied the Pennsylvanian and Permian rocks between Buf
falo Peaks and Trout Creek and was the first to indicate the outcrop
belt of early Paleozoic rocks in that area.

Chronic (1964) described

the lower and middle Paleozoic formations in detail and discussed their
variations in thickness between Buffalo Peaks and Leadville.

Anderson

(1970) studied in detail the Sawatch Quartzite, Manitou Limestone,
Harding Sandstone, and Fremont Limestone and prepared regional isopachous maps and measured sections from Trout Creek northward to Lead
ville, Colorado.

Sections of these formations were measured at three

locations south of Buffalo Peaks and at Trout Creek.

The most recent

work in the area is a reconnaissance geologic map of the Buena Vista
15 minute quadrangle by Scott (1975) who left the Cambrian through
Mississippian undifferentiated.
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Regional mapping of quadrangles bordering the area under study is
fairly complete (Figure 4).

The South Park area, east of the study area

was first mapped in 1949 by Stark, et al.

De Voto mapped in greater

detail the South Park area in a Ph. D. study (1961), a part of which was
later published (1971).

This work includes a geologic map of the Antero

Reservoir Quadrangle, adjacent to the Buena Vista Quadrangle on the east.
Tweto (1974) completed a reconnaissance geologic map of the 15 minute
quadrangle just north of the Buena Vista Quadrangle, and in 1975, Scott,
et al. completed a similar map of the Poncha Springs Quadrangle, just
south of the Buena Vista Quadrangle.

The U.S. Geological Survey recon

naissance maps indicate the structures and major contacts as found from
air photos.

Limbach’s work (1975) in the Buena Vista area to the west

resulted in a map of the Tertiary and Quaternary deposits in relation to
geothermal resources.

Sanders (1975) studied the volcanic stratigraphy

of the Buffalo Peaks area and discussed the Paleozoic rocks and Tertiary
intrusives in that area.

B.

ORE DEPOSITS
A large number of publications have resulted from regional studies

of mineralization and zoning, and dolomitization of the Leadville Lime
stone.

Behre (1932) described mineralization in the Leadville Formation

at the Ruby Mine near Weston Pass.

In 1934, Behre and Laughlin proposed

that Weston Pass and other areas of mineralization peripheral to the
Leadville district represented the mesothermal to epithermal zones lo
cated outward from the main Leadville district.

Butler and Singewald

(1940) carried on the work of Behre and Laughlin by studying the zonal
mineralization and silicification in the Horseshoe and Sacramento dis
tricts located south of Alma and southeast of Leadville, respectively.

10

1 : This study
2 : Sanders, Buffalo Peaks Area, | 9 7 5
3: Prost. Weston Pass Area , 1975
Figure 4.

Index to previous geologic mapping in and adjacent to the
thesis area.

11

Davidson (1950) studied hydrothermal alteration in the Leadville
Formation.

Engel and Engel (1956) determined the geochemical distri

bution of copper, lead, and zinc in dolomite associated with sulfide
ore in the Leadville Formation.

Engel and Patterson (1957) determined

the isotopic composition of lead in the Leadville Limestone, hydrothermal dolomite, and associated ore.

A regional study relating the

dolomite facies of the Leadville to mineralization (Engel, et al.,
1958) using oxygen isotope ratios (carbon isotopes were also attempted,
but show no reliable results) seemed to coincide with the already
existing dolomite facies in the Leadville Formation.

This zone to

which dolomite is confined varies in width up to 10 or 15 miles and
occurs mainly within the Colorado Mineral Belt, extending from north of
the Gilman district to south of Leadville, in the vicinity of Weston
Pass.

Lovering (1958) reported the results of research with various geo
thermometers in determining temperature and depth of formation of the
ore bodies in the Gilman district.

Roach (1960) suggested a correla

tion of thermoluminescence glow-curve temperatures and porosity of
the Leadville Formation and other host rocks at Gilman.

Silverman

(1965) studied base metal diffusion at Gilman, and based on permeability
of the dolomitic Leadville Formation, determined the time necessary to
form an ore body at this location.

Conley (1965) described the petrology

of the Leadville Formation on the White River Plateau.

Posada (1973) discussed in his thesis the aspects of a karst-topo
graphy existing at the top of the Leadville Formation and its effects
on mineralization at Leadville and Gilman.

He divided the Leadville
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Formation into three members:
Butte.

the Gilman, the Redcliff, and Castle

Prost (1975) used Skylab photos to locate favorable target sites

for mineral exploration based on color anomalies representing gossans,
alteration zones, and intersection of linears.

The main target area out

lined by Prost occurred in the vicinity of Weston Pass, to the north of
Buffalo Peaks.

He also located several other minor anomalies and possible

targets along the Paleozoic outcrop belt north and south of Buffalo Peaks.

13

III.

A.

GENERAL GEOLOGY AND AREAL GEOLOGY

STRATIGRAPHY
North of Trout Creek, resistant eastward dipping formations are

expressed as parallel ridges trending approximately N 30° W.

Salt

Creek, located in Southern Park County, drains eastward to the south
fork of the South Platte River.

In the southern part of the area a

broad valley has been cut by Trout Creek, a southerly flowing tributary
of the Arkansas River.

In the area south of Buffalo Peaks, Pennsylvanian and Permian beds
are exposed over a rather wide area, but the pre-Pennsylvanian forma
tions occupy a more restricted belt than in the northern part of the
Mosquito Range (Gould, 1935, p. 972).

The pre-Pennsylvanian formations

crop out in a belt one half to one mile wide extending from Buffalo
Peaks southeastward.

The maximum aggregate thickness of pre-Pennsylvanian

rocks in the area is only 1000 feet and is apparently nowhere attained
(Stark, et al., 1949, p. 33).

The early and middle Paleozoic formations rest unconformably on
the Precambrian surface in that area.

In general, the Sawatch Quartzite

is absent at Trout Creek and increases in thickness northward, whereas
the Harding and Fremont become drastically thinner as one traverses
north from Trout Creek, and are absent north of Buffalo Peaks.

There

are no Silurian rocks present in the region; either they were never
deposited or else deposited and subsequently eroded.

The Devonian
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Chaffee Formation includes the Parting Quartzite Member and the Dyer
Dolomite Member.

The Mississippian Leadville Dolomite has a maximum

thickness of five hundred feet, but is much thinner in the thesis area
due to solution thinning during late Mississippian and early Pennsylvanian
when a karst topography developed.

Locally, on top of the Leadville

Formation, the Molas regolith is present.

It is a red, clayey, residual

capping marking the Mississippian-Pennsylvanian unconformity.

Unconformities are abundant throughout the stratigraphic section.
The most profound is the Precambrian-Cambrian unconformity where the
Sawatch Quartzite lies on Precambrian granite.

The next large uncon

formity represents the Silurian and Devonian beds which are absent and
occurs where the Dyer Dolomite rests on the Fremont, Harding, or Manitou,
varying with the distance northward.

The last unconformity before the

Pennsylvanian is the break between the Dyer and Leadville.

This contact

can often be detected by the presence of glauconite in the upper few
feet of Dyer.

See Table I for variations in thicknesses of the mapping

units between Trout Creek and Buffalo Peaks.

1.

Precambrian Rocks.

The Precambrian rocks in the area are re

presented by "granites” (granodiorite and quartz monzonite) with some
gneiss (Scott, 1975).

Scott determined the quartz monzonite to be of

Silver Plume age (1.45 B.Y.).

De Voto (1971, p. 7) described schists,

gneisses, and an augen gneiss in the Trout Creek area.

Along the high

way from Buena Vista to Trout Creek Pass several pegmatite mines and
prospects are present.

Hanley, et al. (1950, p. 21) describe three

pegmatites from which feldspar and rare earths have been produced.

MAPPING UNITS

Mississippian Leadville

TROUT CREEK SECTION

BUFFALO PEAKS SECTION

160 fe e t

165 feet

Devonian Dyer

89

30

Devonian P arting

65

35

Ordovician Fremont

66

0

Ordovician Harding

43

0

Ordovician Manitou

340

156

0

102

Cambrian S aw a tch

TABLE I.

Thickness and variations of stratigraphic units in thesis area.
Chronic, De Voto, and Johnson.

Data in part from Anderson,
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2.

Cambrian Sawatch Quartzite.

The Cambrian Sawatch Quartzite

of late Cambrian age (Chronic, 1964) is represented in most of the
region.

However, at Trout Creek it is absent or very thin, and grad

ually thickens northward to 102 feet at Buffalo Peaks (Sanders, 1975,
p. 14).

A basal coarse-grained unit in the Sawatch is present in all

sections where the formation is exposed.

This unit is coarse-grained to

conglomeratic and up to six feet thick (Chronic, 1964, p. 105).

Silica

is the main cementing agent here and the underlying granite is deeply
weathered (Anderson, 1970, p. 53).

Above the basal unit, alternating

massive beds of grayish white and red to brown quartzite are present.
These form up to 80 feet of section at maximum development.

The quartzite

is massive, fine- to medium-grained and very resistant to weathering,
often forming talus slopes.

In the section to the north of Buffalo

Peaks, a thin series of receding beds, transitional between the Sawatch
Quartzite and the Manitou Limestone are called the Peerless Formation
(Chronic, 1964, p. 105).

3.

Ordovician Manitou Limestone.

Unconformably overlying the

Sawatch Quartzite is the Manitou Limestone of Early Ordovician age
(Chronic, 1964, p. 106).

It is a massive, medium gray, dolomitized

limestone with stringers and nodules of white chert (see Figure 5).
The chert occurs throughout the formation, but is concentrated in the
middle third.

The thickness of the Manitou is fairly constant.

At

Buffalo Peaks, it is shown to be 156 feet (Sanders, 1975, p. 14), and
is normally less than 200 feet.

However, at Trout Creek, the Manitou

was measured to be 400 feet (Johnson, 1934, p. 21), and later at 340
feet (Anderson, 1970, p. 55).

De Voto (1971, p. 9) explained this as
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Figure 5

Hand specimen of Manitou Limestone with chert
nodule.
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being due to a small thrust fault that crosses U.S. Highways 285 and
24 within the Manitou Limestone.

Specimens of nautiloid cephalopods

were found locally in the Manitou within the thesis area.

4.

Ordovician Harding Sandstone.

The Harding Sandstone occurs in

the area south of Buffalo Peaks and reaches its maximum thickness of 43
feet at Trout Creek (Anderson, 1970, p. 57).
of Buffalo Peaks.

The Harding is made up of well-sorted, fine-grained,

predominately quartz sand grains.
pink to brown.

It disappears in the area

Colors are variable from white to

The Harding is middle Ordovician in age (Anderson, 1970,

p. 57).

5.

Ordovician Fremont Limestone.

The Fremont Limestone over-

lying the Harding at Trout Creek, is a thick, massive bedded, dolomitic
limestone.

The color is light gray or light brown, but becomes gray to

dark gray upon weathering (Figure 6).

Johnson (1934, p. 23) estimated

about 75 feet of Fremont at Trout Creek, and Anderson (1970, p. 57)
measured 66 feet at this location.

Anderson also found the Fremont to

disappear north of Sec. 18, T. 13 S . , R. 77 W.
abundant fossils.

The Fremont often hosts

Corals, cephalopods, and specimens of receptaculities

were collected by the present writer.

Anderson dates the Fremont at

late Ordovician based on fossils, although some question on this point
remains (Anderson, 1970, p. 60).

The Fremont is a prominent cliff-

former where it is present in the area.

6.

Devonian Chaffee Formation.

The Chaffee Formation is of late

Devonian Age (Chronic, 1964, p. 107) in the study area and lies uncon-
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Figure 6.

Hand specimens of Fremont Limestone, with
Receptaculites along top edge of specimen
on the right.
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formably upon the Ordovician rocks.

It grades from a sandstone, the

Parting Member, to a dolomitic limestone, the Dyer Dolomite Member.
The contact between the Dyer Dolomite Member and the Parting Member is
conformable and generally gradational, and must be placed arbitrarily
where the dolomites begin to dominate the section (De Voto, 1971, p. 10).

a)

Parting Quartzite Member.

The Parting Quartzite rests uncon-

formably upon the Manitou, Harding, or Fremont, depending upon loca
tion in the area.

The Parting Quartzite is 65 feet thick at Trout

Creek (De Vote, 1971, p. 10) and Sanders (1975, p. 16) indicates 35 feet
in the Buffalo Peaks area.

The Parting Quartzite is a light brown,

medium- to coarse-grained, cross-bedded quartz sandstone with a basal
quartz pebble conglomerate.

b)

Dyer Dolomite Member.

The Dyer Dolomite begins where the

underlying Parting Quartzite becomes more dolomitic than sandy.

The

Dyer often forms strike valleys, or receding outcrops, and its lith
ology would be difficult to sample if it were not for the material from
the abundant exposed prospect pits and shafts in the area.

The Dyer

consists of gray to bluish gray dolomitic limestone which weathers to
a yellow-brown thinly bedded dolomite.

Its thickness varies from

30 feet at Buffalo Peaks (Sanders, 1975, p. 16) to 89 feet at Trout
Creek (De Voto, 1971, p. 10), to 214 feet at Bassam Park (located
southeast of Trout Creek approximately five miles).

7.

Mississippian Leadville Limestone.

The Mississippian Lead

ville Limestone rests unconformably upon the Devonian Chaffee Formation.
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The Leadville Limestone is a gray, dense, thickly-bedded, dolomitized
limestone with local beds of dark nodular chert.

It commonly is marked

with a basal sandstone or edgewise conglomerate zone.

This bed is not

always present, but the contrasts between the Dyer and Leadville Forma
tions are such that the contact can be drawoi based upon the differing
appearance of the two rock types.

The Dyer Formation more commonly forms

a receding cliff or strike valley, and it weathers to a buff or light tan
color, whereas the Leadville Formation remains as a massive cliff former
and retains its bluish gray color, except where it has been mineralized.
The Leadville Formation equivalent in Montana and Wyoming is the Madison
Limestone, and in northwestern Colorado and northeastern Utah, its
equivalent is the Humbug Limestone.

The Leadville Formation varies in thickness from less than 200 feet
to over 500 feet.

Generally, it is reduced in thickness due to karst

erosional surfaces developed in late Mississippian-early Pennsylvanian
times and is thinnest in mineralized areas.

The Leadville Formation at

Trout Creek is 160 feet thick (Chronic, 1964, p. 108), and is 165 feet
thick in the Buffalo Peaks area (Sanders, 1975, p. 16).

The Leadville

Formation is early Mississippian in age (Chronic, 1964, p. 108).

Posada (1973) divides the Leadville Formation into three units,
called Gilman, Redcliff, and Castle Butte members.

The Gilman member

is characterized in the area by sandy stringers and edgewise conglomerate.
The Redcliff member is generally a finely crystalline dark limestone or
dolomite.

The Castle Butte member becomes readily dolomitized and is

often host to breccia bodies which developed due to solutioning and cave
collapse.
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The upper Leadville is known for its reported occurrences of
zebra rock, an alternately banded light coarsely crystalline and dark
fine-crystalline dolomite which was evident all through the study area,
and most frequently occur near sulfide showings in the Castle Butte
Member.

The other places of interest in the Leadville Formation are

areas of gossan where hematite, limonite, and siderite are exposed at
the surface or by previous prospect pits and shafts.

These may or may

not have a relation to mineralization at depth, and will be discussed
further in another part of the thesis (Chapter V).

8.

Pennsylvanian Sediments.

The contact between the Mississippian

Leadville and the Pennsylvanian sediments is an unconformity which can
represent a relief of as much as 100 feet.

The Leadville Formation was

exposed between middle Mississippian and early Pennsylvanian times to
chemical weathering, which caused dissolution of the limestone and
built up a regolith of insoluble residues, called the Molas regolith
(Tweto, 1968, p. 561).

Subsequently deposited on this surface was the

Pennsylvanian age Belden Shale.

a)

Molas Regolith.

The Molas regolith is found to be present

occasionally in the area and is probably under cover elsewhere.

The

regolith is often reddish in color and composed mainly of illite
(Posada, 1973).

In the thesis area, the Molas regolith has been called

the Maroon by Power (1969).

The Molas regolith varies in thickness

and may or may not be present at any given location.

It is probably

thickest over karst areas which host collapsed cave roofs and other
resulting solutional features.

23

Power (1969) studied regoliths present at the MississippianPennsylvanian unconformity across Colorado.
tions was at Trout Creek Pass (NE

One of his sample loca

Sec. 10, T. 14 S., R. 77 W.).

He found the regolith to be composed of 50 to 70% clay minerals which
X-Ray diffraction proved to be composed entirely of illite.

The

breccias can be directly related to the unconformity through a similar
clay mineral content.

b)

Belden Shale.

The Belden Formation is present in the valley

of the Trout Creek area and consists of black to dark gray, laminated
shales of early Pennsylvanian age (Chronic, 1964, p. 109).

The top

of the Leadville Formation forms the dip slope along the ridge be
tween Trout Creek and Buffalo Peaks.

Prospect pits in the Belden

Shale are common, especially near the Leadville-Belden contact, which
exists at the base of this slope.

A boundary between coniferous forest

and aspen coincides in many places with the contact between the Lead
ville and the Belden Shale (Prost, 1975, p. 62).

Gould (1935, p. 976)

measured over 10,000 feet of Pennsylvanian and Permian sediments in
the Salt Creek area.

9.

Tertiary Age Igneous Rocks.

Igneous extrusive and intrusive

rocks of Tertiary Age are abundant throughout the region, although
none of these were found in place in the study area.

a)

Volcanic Rocks.

Volcanic extrusive rocks forming various ash

flow tuff units have been described in South Park (De Voto, 1971) and
in the Buffalo Peaks area (Sanders, 1975).

These serve to cover the
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Paleozoic rocks but also give hope for possible intrusives in the area
with associated mineralization.

Sanders (1975) states that the age of

the Buffalo Peaks volcanic pile is Oligocene based on a determination
of the Badger Creek Tuff at 31.8 M.Y. +_ 3.5 M.Y.

De Voto (1971, p. 25-

26) places the volcanics of South Park area at the Eocene to Oligocene
interval.

b)

Intrusives.

Intrusives in southwestern South Park along the

Mosquito-Weston or Trout Creek Fault are injected into Pennsylvanian
beds, are monzonitic in composition and apparently of Paleocene age
(De Voto, 1971, p. 24).

Gould (1935, p. 999) described one intrusive

of acidic porphyry along the Trout Creek fault, also intruded into Penn
sylvanian sediments located in Sec. 10, T. 13 S., R. 77 W.

Whether the intrusive porphyries have a bearing on ore deposits
is questionable in the writer's mind.

Intrusive porphyry as sills,

dikes, and irregular plutons are found at Leadville (several porphyry
sills, including White and Pando), Gilman (Gilman sill), and Weston
Pass (Behre, 1932).

Age determinations indicate the white porphyry at

Gilman to be approximately 70 M.Y.
very possibly pre-ore in age.

(Pearson, P., et al., 1962, p. C78),

The Gilman sill at Gilman shows very

little metamorphism of the Belden Shale where it intrudes 10 to 15 feet
above the Leadville, but shows widespread and strong hydrothermal
alteration (Radabaugh, et al., 1968, p. 649).

Possibly a determina

tion of the age of the altered porphyry when compared to the fresh
porphyry would be significant in placing a date on the mineralization
in various locations, and further would help indicate if the intrusives
did have an effect on mineralization and the formation of ore bodies.
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B.

STRUCTURE
Structural geology throughout the area is of minor significance,

at least in the Paleozoic rocks.

The beds probably developed nearly

horizontally as they were deposited, but subsequent deformation,
probably during the Laramide caused the dip of beds toward the north
east.

The largest fault in the area is the Mosquito-Weston (called

the Trout Creek fault in the general area) which trends roughly along
the trend of the Paleozoic ridges between Buffalo Peaks and Trout
Creek.

The fault has caused repetition of the Paleozoic rocks to the

east of Trout Creek, along Kaufman Ridge, at Trout Creek Pass, and
southeast of the Trout Creek Section, at Bassam Park.

1.

General Attitude of the Beds.

The general dip of the beds

in the mapping area is from 15 to 20 degrees in a northeast direction,
with strike ranging from N 10° W to N 30° W.

Local variations are ob

served from time to time, especially where the Leadville Formation is
hosting breccia bodies or where small faults and fractures disturb the
normal attitude of beds.

2.

Faulting.

One fault of northeast to southwest trend, and of

left lateral character, was found in Sec. 18, T. 13 S., R. 78 W.

It

offsets the early Paleozoic beds about 1000 feet horizontally, but
disappears in the Pennsylvanian (Scott, 1975).

The Pennsylvanian

sediments in the valley appear to lack any fracturing.

A second fault

of similar nature, but east-west strike is shown to exist in Sec. 32,
T. 13 S . , R. 77 W . , but extends from the west into the Paleozoic section
for only 1000 feet.

Two or three other faults are shown running into
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the Precambrian-Paleozoic contact on Scott’s map (1975), but disappear
at that contact.

5.

Folding.

Folding was not observed in the area other than the

general monoclinal easterly dip of the whole section between Trout
Creek and Buffalo Peaks.
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IV.

FEATURES OF THE LEADVILLE LIMESTONE/DOLOMITE

The Leadville Formation is widespread throughout central Colorado
and its equivalents have been traced to the north and west into Utah
(Humbug Formation) and Wyoming and Montana (Madison Limestone). Much
effort by many individuals has been exerted to study the Leadville
Limestone throughout the region and particularly in the Colorado Min
eral Belt area.

This is the prime host for ore bodies in the Leadville,

Gilman, Aspen, and most other districts throughout central Colorado
whose ore bodies are of the bedded replacement type in carbonate rocks.
There seems to be somewhat of a correlation between dolomite facies
of the Leadville Formation and mineralized occurrences.

Many of the

base metal ore bodies in the Leadville Formation have the shape of
solution-collapse bodies, and breccia fragments occur in the ore.

The

problems of dolomitization, brecciation, and mineralization in the
Leadville Formation are discussed below, including a review of the
literature to date.

Some of the writer’s observations a.nd thoughts

on these topics are included in this section, and additional informa
tion is given in subsequent chapters.

A.

DOLOMITIZATION
Dolomitization in the Leadville Limestone is represented by two

different types.

First, surrounding the most intensely altered

areas or areas of sulfide mineralization, a dolomitic facies develops
outwards from several hundred feet to tens of miles.

This is a re

gional dolomite for which a variety of origins have been suggested
and whose origin still is not entirely known.

A second type of
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dolomitization results in a lithology called zebra rock and commonly
develops immediately at the contact between mineralization and host
rock.

The zebra rock is a series of light and dark bands, with the

light bands forming later and locally containing sulfide mineralization.

1.

Regional Dolomitization.

In the area of the Colorado Mineral

Belt and especially in areas surrounding sulfide mineralization, the
Leadville Limestone develops into a dolomite.

Even as far south as

the thesis area and as far northward as the White River Plateau, evi
dence of limestone alteration to dolomite facies is noted locally.
The Leadville in the thesis area consists of both limestone and dolo
mite, varying among the three members of the formation and depending
on the distance from sulfide mineralization.

The degree of dolomitic

alteration progressively decreases outward from ore bodies.

The

lower Leadville Formation appears to be more resistant to dolomiti
zation, especially in the Gilman and much of the Redcliff Members.
However, the Castle Butte (upper) Member commonly serves as host for
breccia bodies and associated mineralization, and thus, it commonly
is the first to be intensely dolomitized.

The following is a summary

from Posada (1973, p. 65) on the history of hypotheses related to
dolomitization of the Leadville Formation:
"Emmons (1886) found the Leadville Formation to be entirely
dolomite in the Leadville district, and he considered the
dolomite to be primary in origin. Spurr (1898) ascribed the
dolomite to be hydrothermal replacement along presumed bedding
plane faults.
Lovering and Tweto (1944) classed the dolomite
as hydrothermal and regarded it to be the product of the
earliest of several stages that preceded the ore deposition.
Engel, et a l . (1958) based on oxygen-isotope ratios, found
the "dark dolomite" to be of distinctly higher temperature
origin than the limestone facies of the Leadville Formation
in undolomitized phases.
Tweto (1968) related the dolomite
facies of the Leadville-Gilman area to the Colorado Mineral
Belt."
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Posada (1973, p. 69-70) concludes about regional dolomitization in
the Colorado Mineral Belt:
"...two types of dolomitization affected the great mass of
dolomite of the Leadville-Gilman area:
1) Dolomitization
produced by underground water movement during or after
karst and before the deposition of the Pennsylvanian sedments, and 2) Hydrothermal dolomitization produced during
the first steps of Laramide hydrothermal activity in the
area."
It is possible that hydrothermal dolomitization was superimposed
on karst-originated dolomite due to higher permeabilities and porosi
ties provided by initial karst dolomitization.

Immediately surrounding

only the smallest mineralized showings in the Leadville is a halo of
dolomite that extends outwards for hundreds of feet, but eventually
may return to limestone again.

In a similar manner, the huge ore

bodies at Leadville and Gilman could very likely have altered the Lead
ville for miles around.

Smaller ore bodies such as in the Weston Pass

district and intrusives all through the region probably have promoted
additional dolomitic alteration of the Leadville Formation.

2.

Zebra Rock.

Zebra rock is a local term for the hydrothermally

altered dolomite which is present in the Castle Butte Member of the
Leadville Formation near occurrences of mineralization.

Zebra rock

is a series of light colored, coarse-crystalline dolomite bands with
grains up to one quarter inch interlayered with dark, finely crystalline
dolomite.

There has been considerable disagreement regarding the origin

of this feature throughout the region.

Behre (1932, p. 67) noticed that

it occurred both in the ore and elsewhere.

At the Ruby Mine in Weston

Pass, a bed of zebra rock overlies the ore zone.

Behre stated that

the zebra rock is not necessarily associated with the ore, though
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it is as frequently seen in the ore zone as elsewhere.

The present

writer has noticed that zebra rock dolomitization in or adjacent to
mineralized Leadville Formation is particularly coarsely crystalline
and even vuggy.

The dolomite may form crystals in these vugs up to one

quarter of an inch thick.

Zebra rock is something that has intrigued

the writer and is discussed in more detail concerning possible origin
in Chapter VII.

B.

BRECCIATION
Brecciation in the Upper Leadville Formation has been observed by

the writer at several localities throughout the thesis area, at least
one of which has been subsequently mineralized and silicified.

Breccia

tion appears to have taken place after Leadville deposition, either
prior to or during the Molas development, and definitely before deposi
tion of the Belden Shale.

Breccias have been described in the Leadville Formation throughout
central Colorado, and outside Colorado in the Leadville Formation, or
its equivalents.

They have been especially noted at the mining dis

tricts, quarries, road cuts, and places where the Leadville Formation
has been exposed or contains ore deposits associated with the breccias.
Wherever the Leadville Formation is thinnest, its thin nature is probably
attributable, at least least in part, to brecciation and subsequent
subsidence of the beds.

Behre (1932, p. 60) attributed the breccias in

Weston Pass area to possible thrust or "bedding-plane" faults, but such
faults have never been observed.

Breccias in the Aspen district that

have been suggested as forming due to cross-faulting or normal faulting
may have developed by solution collapse also.

The major ore bodies in
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the Gilman district are strongly suggested by their shape and nature to
have been formed in brecciated areas of the Leadville (see Figure 7).

In Montana, Roberts (1966) discusses karst and solution-breccia
features in the Madison Group, occurring in the upper Mission Canyon
Limestone.

The karst situation developed here during post-Mission Canyon

and pre-Pennsylvanian times.

This corresponds roughly with the karst

situation and formation of breccias in the Castle Butte Member of the
Leadville Limestone throughout central Colorado.

The karst related

breccias will be discussed in greater detail in Chapter VI.

C.

MINERALIZATION
Mineralization is found predominately in the upper Leadville Forma

tion, in the Castle Butte Member, but also locally in the lower Lead
ville Formation and in the Dyer Dolomite.

De Voto (1961, p. 234) noted:

"Many prospect pits, shafts, and adits have been blasted /and
dug/ into the lower and middle Paleozoic beds in the vicinity
of the Mosquito-Weston Fault. Malachite and azurite minerali
zation is abundant in the mine dumps. Copper ore evidently has
been mined from several of the shafts."
Prospects, both pits and shafts, with occasional adits were found
throughout the area covered in this study.

Vanderwilt, in Mineral Resources of Colorado (1947, p. 49) dis
cussed the Trout Creek district, located in T. 13 S. , R. 77 IV., just
south of Trout Creek Pass on U.S. 24 and 13 miles northeast from Buena
Vista.

The production is shown from 1932 through 1939, from lode de

posits, with some gold, silver, copper, and lead recovered.

Figure 7.

Diagrammatic cross-section of a funnel shaped ore body of suggested solution-collapse
origin at the Gilman district, Colorado (after Radabaugh, et al., 1968).
O')

NJ
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The mineralization occurs in the dolomitized Castle Butte Member
predominately, along the highest knobs of the outcrop, overlooking the
Trout Creek valley to the east.

The mineralized areas are accompanied

by silicification in at least two or three localities, possibly more,
and this may be responsible for the localization of the knobs, since
the jasperoid would be more resistant to weathering than carbonate.

A

more detailed description of the character of mineralization, minerals
present, and laboratory study of mineralization is presented in Chapter
VIII.

D.

SILICIFICATION
The silicification of carbonates has been noted in two or more

localities, and it is commonly found accompanying mineralization.

That

the silicification is present with mineralization would suggest an
associated origin along with or closely preceding the presence of the
mineralizing fluids.

Silicification is present in one mineralized

breccia body of the Castle Butte Member, in unmineralized breccia bodies,
and in one or two of the gossans visited during the summer of 1975.

34

V.

GOSSANS

Throughout the thesis area, and mainly in the Leadville Formation,
but also occurring at various locations in the stratigraphic section,
limonitic, hematitic, and sideritic gossan material is found, both in
old prospect dumps, and at unexplored locations.

Traditionally,

(Blan

chard, 1968), gossans are known to represent, and often have led to the
discovery of weathered and transported sulfide minerals.

Most of the

iron oxide gossans in the thesis area are believed to have originated
as a result of oxidation of sulfide occurrences.

This is certainly the

case at the Ruby Mine, located in the Weston Pass district, where a very
rich hematitic gossan found on the dump contains galena mineralization.
However, no primary sulfide minerals remained detectable in the gossans
encountered in the thesis area.

The iron oxide gossan collected from the Ruby Mine at Weston Pass
hosted galena (PbS), cerussite (PbCO^), and anglesite (PbS0 4 ) which
were later studied in polished section.

The polished section revealed

that pyrite is also present along with euhedral quartz crystals.

The

minerals cerussite and anglesite are found exhibiting colliform texture
around the original galena fragments.

Figure 8 exhibits this texture

and the caries texture where the colliform secondary lead minerals are
eating into the galena.

Also identified in the same section and re

placing the pyrite grains are the iron oxide minerals lepidocrocite and
goethite.

This is the only example of primary sulfides remaining in

gossan material.
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Figure 8.

Photomicrograph of irregularly shaped relic
galena in cerussite, the cerussite replacing
galena.
Iron minerals (darker) of the gossan
including hematite, goethite, and lepidocrocite
rim the lead mineralization at the top edge of
this photo. This is from the Ruby Mine, Weston
Pass district.
xlOO
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Another gossan type is composed of highly silicious, fine-grained
hematite nodules of massive character, and it is quite different in
appearance from the first type of gossan.

These occur in the lower

part of the stratigraphic section, probably about at the SawatchManitou contact.

The writer has not been able to determine the character

of the original source material from which these gossans were formed,
since no sulfides remained and the highly concentrated iron minerals
were found to mask the original host material.

A third type of reddish to yellow stained area is sometimes found
at about the Dyer-Leadville contact.

These were observed only on surface

outcrops and they appear to be either weakly developed or intensely
leached out, and very light in color.

The Molas regolith has, in general, been covered over by residual
material or eroded off, since the upper surface of the Leadville usu
ally forms the dip slope of the outcrop ridge down to the Belden Shale,
where Aspen trees begin growing.

Since this unit is most often reddish

colored, it can be confused with gossans or gossan types of deposits.
However, the location and character of the Molas should allow it to be
distinguished from any gossan in the area.

37

VI.

BRECCIATION

Breccia bodies occur commonly in the upper Leadville Limestone in
the thesis area.

Because they are particularly well exposed locally

and exhibit some interesting features, they have received special at
tention in the thesis research.

The vertical extent of occurrence of

the breccia bodies is from the top of the Leadville Formation (top
measured from bottom Molas regolith) downward as much as eighty feet.
Since the thickness of the Leadville Formation is highly variable due
to the differential erosion during the time of unconformity and depo
sition of the Molas regolith, the breccia bodies may bottom variously
in the Castle Butte, Redcliff, or Gilman members, and have been known
to extend down to the bottom of the Chaffee Formation in the Gilman
district (Figure 7, p. 32).

The lateral dimensions of the breccias

are usually in proportion to their vertical extent.

Commonly they will

be from 100 to 300 feet across and roughly circular in plan view.

The

circular shape is suggestive of cave roof collapse.

A.

BRECCIA BODY AT NEWETT
1.

Location.

In the thesis area, the best exposed example of a

breccia is located at the old Newett Quarry, SW
S., R. 77 W. (Figure 9).

NW %, Sec. 3, T. 14

Here the Molas regolithic material is exposed

above the quarry face, and about forty vertical feet of breccia are
exposed with the possibility for another twenty to thirty feet under
the rock debris gathered at the foot of the quarry face.

The breccia

can be followed laterally for about two hundred feet, mainly along the
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Figure 9.

Breccia body on north, quarry face at Newett
Quarry. The brecciated portion can be dis
tinguished because it has been stained light
yellow by material carried downward from the
Molas by percolating surface water, whereas
unbrecciated Castle Butte Limestone is gray.
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north quarry wall.

This breccia is contained entirely in the Castle

Butte Member.

2.

Character.

The breccia body at Newett is very rubbly at the

top, forming a transitional contact into the overlying Molas regolith.
Downward, the breccia becomes more consolidated and grades from breccias
with only incipient fracturing at the upper limits through areas of
increasingly more cement and less breccia fragments.

The breccia at

the lowest exposed face appears to have a higher percent of cement than
breccia fragments.

Many oriented sampJLes were taken from this location

to study the overall geometry and relation between fragments and cement.
A series of photographs follow and serve to illustrate this gradation
from incipient fracturing and loose rubbly material at the top down to
well cemented breccia with more cement than rock fragments.

Breccias at the top of the breccia body at Newett are character
ized by sharp, angular fragments which show little, if any, separation,
as shown in Figure 10, and in other areas only incipient fracturing is
found to take place.

This type of breccia has been called a "crackle"

breccia by Norton (1917, p. 161), since the fragments are only separ
ated a short distance and can be pieced back together easily.

Such

breccias occur near the top of the breccia body at Newett, near the
contact with Molas regolith and downward for ten to twenty feet.

Breccias that occur in the middle part of the Newett breccia
body are similar to those shown in Figure 11.

Those breccias occur

from ten to thirty feet below the Molas regolith, and they are
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Figure 10.

’’Crackle’1 breccia occurring near the top of
the breccia body (shown in Figure 9) at the
Newett Quarry.
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Figure 11.

''Mosaic" breccia occurring in the middle por
tion of the breccia body at Newett Quarry.
It
is the most abundant of the breccia types at
that locality. Note that the fragments are
disoriented and that the cement:fragment ratio
has increased over that of the crackle breccia
shown in Figure 10.
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gradational from the overlying crackle breccia.

This breccia, where

the fragments can be put back together, is an example of a "mosaic"
breccia.
way:

Norton (1917, p. 161) defines mosaic breccia in the following

"A mosaic breccia is one whose fragments have been largely but

not wholly disjointed and displaced.

The system of continuous cracks

of the crackle breccia has been destroyed, but more or less of the frag
ments still match along adjacent surfaces. . .”

The mosaic breccias

appear to overlie and grade into the underlying type of breccia by a
decrease in the number of breccia fragments and an increase in the per
centage of cement.

Breccias which occur most commonly in the lower fifteen feet of
exposure at Newett and possibly continue downward, are characterized by
fine-grained, laminated calcareous cement containing very few fragments.
This type of breccia is similar to those termed ’'pudding" breccias by
Norton.

The specimen of pudding breccia shown in Figure 12 exhibits a

banded, limey cement which bends around the relatively rare fragments
which are usually dolomitic in composition.

The youngest fracturing

in pudding breccias cuts both the breccia fragments and its cement,
and those fractures may be partly filled with calcite.

The finely laminated cements of the pudding breccias are commonly
closely associated with pink finely laminated muds which occur both in
isolated pockets and as continuous or semi-continuous beds up to six
inches thick (Figure 13).

The pink cements and muds locally demonstrate

a pinch out or "boudinage” texture where they come in contact with
breccia fragments or large blocks of relatively unaltered Castle Butte
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Figure 12.

Pudding breccia occurring in the lower portion
of the breccia body at the Newett Quarry.
In
contrast to crackle and mosaic breccias, the
cement:fragment ratio for this pudding breccia
exceeds 1:1. The fragments in this type of
breccia are dolomitic in composition, whereas
the cement is calcareous. The youngest fea
tures present in this specimen transgress both
fragments and matrix and they are filled with
calcite.
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Figure 13.

Finely laminated pink clay material which occurs
locally in the breccia body at Newett Quarry.
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which have dropped in from above.

Figure 14 shows an example of pinch

out texture from the lower portion of the breccia body exposed in the
Newett Quarry.

Locally in the Newett breccia body, especially in areas of
loosely cemented fragments near the top and in iron stained areas,
features such as zebra rock associated with very coarse calcite spar
and travertine or banded tan to brown colored calcium carbonate are
found filling earlier void spaces.

These features suggest that mineral

izing fluids may have been present at some time after the initial for
mation of the breccia body.

The travertine and brown to gray layered

calcareous material indicates dissolution and redeposition of calcite
at some time during the formation of the breccias, and it is a feature
common elsewhere in caves.

Travertine consisting of alternating clear and yellow bands associ
ated with white, fine-grained calcite occurs in a prospect on the west
side of Highways 24 and 285, a short distance south of Trout Creek
Pass.

Travertine at this locality may represent a hot springs-related

deposit or possibly it is simply the top of another breccia body that
was subsequently mineralized.

Since the prospect occurs near the Trout

Creek Fault, a good avenue for migration of fluids is available.

At the Newett Quarry, calcite spar appears to be directly related
to zebra rock occurrences, since these two are always found together.
Their origin appears to contrast with that of travertine and cave
onyx which may have been formed during development of the breccias.
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Figure 14,

Pinch out texture featuring disrupted laminae.
The finely laminated, calcareous breccia cement
pinches out against the rock fragment located
in the lower middle part of the photo.
Parti
cularly note how the bands conform to the
breccia fragments.
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Specimens of calcite, travertine, cave onyx, and calcite cement
were collected from the Trout Creek Pass location, Newett Quarry and
a third breccia body to the north of Newett for fluid inclusion geo
thermometry.

Unfortunately, most of the calcium carbonate specimens

were too fine-grained, fractured, or lacked inclusions.

A single

specimen of extremely coarse-crystalline calcite spar at Newett con
tained inclusions which were entirely filled with liquid.

The lack

of gas bubbles indicates deposition at near-surface temperatures and
pressures.

Some of the breccia fragments in crackle breccias at the Newett
Quarry exhibit concentric darker rims which tend to parallel the edges
of those fragments

(Figure 15).

The alteration of these fragments may

have occurred by exposure to weathering or possibly through the action
of waters or leaching by mineralizing fluids.

3.

Thin Section Study.

The finely laminated, calcareous cement

which forms around breccia fragments in the pudding breccias was
studied in thin section to determine its mineralogical composition
and textural character.

Thin sections stained with Alizarin Red-S

revealed the interesting fact that the breccia fragments are predom
inately dolomite while the cement is generally calcite (Figure 12).
Late calcite veinlets can be observed in thin section to cut both
cement and breccia fragments, such as shown in Figure 16.

Thin sections of some mosaic breccia specimens collected at the
Newett Quarry exhibit a cementing matrix which has been recrystallized
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Figure 15.

Altered breccia fragment in lower left corner
of specimen.
Note alternate light and dark rims
around the periphery of this fragment.
Alter
ation may be due to either exposure to weathering
or the presence of hydrothermal fluids.

49

Figure 16.

Photomicrograph, showing a dolomite breccia
fragment (right half of photograph) contained
within a finely banded calcareous cement
Cleft half) in a thin section taken from the
specimen shown previously in Figure 12. A
calcite stringer Cstained dark; right half of
photo) cuts through the fragment and cement.
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to form a coarse-crystalline dolomite.

A specimen of this type is

shown in Figure 17, and in addition, that photomicrograph shows a
band of clear calcite surrounding a dolomite breccia fragment.

4.

X-Ray Analysis of Clay Minerals in Pink Mud.

The pink,

finely laminated clay mud found to occur locally in the pudding breccias
(Figure 13) at the Newett Quarry were studied by X-Ray diffraction to
determine their mineralogy.
by sanding for X-Ray.

Flat slabs of the clay mud were prepared

Because the presence of abundant quartz masked

the character of the clay minerals, the pink mud was treated by an
alternative method.
of water.

The samples were crushed and placed in a column

After quartz and other materials were allowed to settle

out, the remaining suspended material was placed on a glass slide and
allowed to dry.

X-Ray analysis of the dried material indicated that
o
the clay is illite. The 10 A peak of illite was identified.
Thus,
the pink muds are composed of seventy-five percent or more of quartz
and illite.

The presence of illite is interesting in that illite has been
identified by Power (1969) to be the principle clay mineral in the
Molas regolith at Trout Creek Pass.

The present writer interprets

the presence of illite in the breccia body at Newett and breccias
elsewhere in the thesis area to indicate that those breccias have
formed during the time of non-deposition after the deposition of the
Leadville Formation and before renewed deposition of Pennsylvanian
sediments.
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Figure 17.

Photomicrograph of a dolomite breccia fragment
(right half of photomicrograph) surrounded by
calcite spar and recrystallized coarse-crystalline
dolomite (euhedral rhombs on the left) cement in
a mosaic breccia from the Newett Quarry.
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5.

Suggested Origin.

The origin of the Newett Quarry breccia

and similar breccias in the thesis area is an interesting problem.

The

writer believes that they developed through karst action because of the
following features.

First, the Leadville Formation throughout the area

is quite thin relative to the maximum possible thickness of 400 to 500
feet found in other parts of Colorado, and in the Leadville equivalents
in Montana, Wyoming, and Utah.

This thinning is due to progressive

chemical weathering and solutioning during the time of the Molas rego
lith.

The brecciation occurred through karst action during the hiatus

between Mississippian and Pennsylvanian as evidenced from the following
features found in the thesis area and particularly at the Newett Quarry
breccia:

1) pink mud containing illite clay comparable to the illite

found in the Molas regolith; 2) tan to brown banded calcium carbonate
reminescent of cave onyx; and 3) travertine forming in spotty occur
rences at Newett.
breccias.

These features all suggest a karst origin for the

Perhaps the best evidence is that the form of the breccia

body is open at the top, showing a direct connection with the uncon
formity.

The breccia bodies appear to represent collapsed cave roofs in
some cases, and solution-collapse structures in other cases.

The dis

solution of a soluble horizon of bedrock allowed the overlying beds to
subside.

Fracturing and brecciation accompanied the subsidance.

cementing matrix was formed simultaneously with subsidance.

The

The local

presence of pink muds in the breccia piles indicates that their develop
ment occurred during the time of the development of the Molas erosional
surface.
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B.

BRECCIA BODIES ELSEWHERE
Some breccia bodies encountered at other locations in the thesis

area are somewhat different from the Newett Quarry breccia.

Of par

ticular interest are breccias that are silicified, silicified and
mineralized, and breccias with altered fragments.

1.

Silicified Breccia.

Breccia that has been silicified with

preservation of minute details of cement banding, fragment textures,
and other features are widespread throughout the thesis area.

Such

breccias appear to be of similar origin to the large body at Newett as
indicated from the preserved textures, but have been subsequently sili
cified to form chert, jasperoid, and locally flint.

The breccia near

Weston Pass, described by Behre (1932), is such a breccia with entirely
silicified fragments and cement.

Perhaps silicification accompanied

mineralization although mineralization is not evident in most breccia
bodies that have been silicified in the thesis area.

2.

Silicified and Mineralized Breccias.

There is one known

occurrence and possibly other examples occurring at depth in the thesis
area where breccias have been mineralized.

The mineralized breccia

shows remarkable preservation of textures in finely laminated breccia
cement, breccia fragments, and the overall form of the body itself.
Figure 31, Chapter VIII, shows a fine example of mineralized breccia
sample from this occurrence.

This breccia hosts pyrite, sphalerite,

and galena as disseminated crystals in the cement and fragments and as
banded replacements of the cement.

Secondary limonite, chalcocite,

and covellite occur in surface specimens.

Also associated with the
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ore minerals are silicified areas that preserve the details of
silicified vuggy dolomite crystals resembling the vuggy areas of coarsecrystalline dolomite in the zebra rock.

5.

Altered Fragments.

A sample of breccia from north of Newett

Quarry is somewhat different from the breccias described above.

As

shown in Figure 18, the breccia fragments are predominately light
colored, with some dark areas that have been altered either through
leaching or introduction of materials.

The dark areas are nearest the

edges of the breccia fragments and this suggests alteration along the
borders of the fragments.

The dark areas show some small, roughly

parallel bands that resemble the zebra rock pattern in character, but
on a much smaller scale.

As many as half the fragments show alteration

or zebra-like stripes and they are composed mainly of fine-grained
dolomite with occasional coarsely crystalline dolomite fragments.

The cement of this breccia is largely quartz sand, the sand being
coarse- to medium-grained.
calcite are present locally.
sand cement is calcareous.

Vugs and fillings of white, crystalline
Calcite also fills fractures and the
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Figure 18.

Specimen of mosaic breccia with altered
fragments, sandy matrix, and calcareous
crystalline cement.
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VII.

A.

ZEBRA ROCK

DISCUSSION
During the field work and laboratory studies, zebra rock has been

of particular interest to the writer.

Samples of zebra rock were col

lected from throughout the thesis area and at Ruby Mine (Weston Pass
district) and at Black Cloud Mine (Leadville district).

Thin sections

were prepared for comparison of zebra rock alteration textures and
hand specimens studied to see if any resemblance to planar stromatolites
or other origin could be suggested.

Zebra rock is present throughout the Castle Butte Member of the
Leadville Formation in the thesis area.

It is associated with all

mineralized occurrences, as well as occurring at other locations where
no mineralization is visible on the surface.

The degree of alteration in the zebra rock varies from very little
(only laminations are observed) to quite intensive with vuggy holes
filled with crystalline dolomite and locally lead-zinc mineralization.
Sanders (1975, p. 16-17) observed zebra rock to occur in the Leadville
Formation within 1000 feet of a volcanic vent on Buffalo Peaks, and he
attributed that alteration to the volcanism.

The present writer be

lieves that any movement of ore-forming fluids might be sufficient to
cause zebra rock to form, and that its formation may have involved
selective replacement of certain favorable horizons of the Leadville.
It is possible that the zebra rock is selecting out planar stromatolite
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horizons and that the progressive alteration has its beginning in the
finely laminated stromatolite.

A series of photographs of progressively

more altered zebra rock are presented later in this thesis, which range
from definitely minor laminations to quite well developed texture.

Zebra

rock with vugs and a higher percentage of white, coarsely crystalline
dolomite than dark fine-grained dolomite is typical of the more intensely
altered varieties.

Engel, et a l . (1958) in a study of oxygen isotopes in the Leadville
Formation sampled some weakly dolomitized areas at Trout Creek within
twenty-five feet of zebra rock showings for which he measured oxygen
isotope ratios of 0 ^ / 0 ^ from 22.1 to 22.6.

The range of oxygen iso

tope ratios is from 28.6 to 16.4 in dolomites, with the highest values
from unaltered beds.

The lowest value was determined for the dark

bands of zebra rock from the ore zone at the Gilman district.

Oxygen

isotopes have been shown to be temperature indicators (Engel, et al.,
1958), with lowest ratios corresponding to highest temperatures.
However, it is possible that a zebra rock from any location of the
Leadville Formation would give similar ratios, since the effects from
the Gilman ore body studied dropped rapidly away from the ore, in
dicating a temperature gradient outward from the ore body.

B.

HAND SPECIMENS
The megascopic appearance of zebra rock varies from very finely

laminated to intensely altered and thickly banded, coarse-crystalline
dolomite.

The series of photos, Figures 19 through 22, illustrate the

typical gradation in textures, with intensity of alteration.

The least
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altered specimen is shown in Figure 19, a very finely laminated specimen
resembling planar stromatolites.

Figure 20 illustrates a more highly altered specimen in which dark
bands of the fine-grained dark dolomite alternate with light colored
bands of coarse white dolomite with closely associated small, mostly
flat-lying vugs.

In specimens of mineralized zebra rock from the thesis

area, these vugs are the predominant host for galena and sphalerite.
Textures of this nature are very similar to ones developed in mineral
ized planar stromatolites in the southeast Missouri lead district.
Figure 21 shows intensely altered zebra rock, with the coarse-crystalline
variety of dolomite predominant and many vugs.

Figure 22 shows a speci

men from the Leadville district in which pyrite and sphalerite mineral
ization has replaced bands of either a former zebra rock or finely
laminated breccia cement.

C.

THIN SECTION STUDY
Thin sections of zebra rock showing alternating bands of light

(coarse) and dark (fine-grained) dolomite were prepared from various lo
cations between Trout Creek and Buffalo Peaks, and compared with samples
of that rock type from the Ruby Mine at Weston Pass and the Black Cloud
Mine at Leadville.

The thin sections showed alternately coarse- and

fine-grained dolomite.

The coarsest of the dolomite grains form in open

spaces, as a lining of vugs.

Some vugs are empty, whereas others are

partly filled with clear calcite spar.

Tiny pyrite crystals and second

ary iron staining follow fractures running perpendicular to the banded
dolomite in some specimens.

Some of the coarsest dolomite crystals
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Figure 19.

Finely laminated specimen with incipient zebra
rock alteration, possibly developed in planar
stromatolitic algal rock.
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Figure 2Q.

Zebra rock of alternately light and dark banded
dolomite. Vuggy areas are often host to min
eralization. The texture of this rock is
strikingly similar to that developed by mineral
ization of planar stromatolite in the Southeast
Missouri lead district.
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Figure 21,

Intensely altered zebra rock, with coarse
crystalline white dolomite and associated
vuggy areas.
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Figure 22.

Mineralized ore from Leadville district. Notice
how bands resemble zebra bands or finely laminated
breccia cement.
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exhibit intense zoning.

Staining uncovered thin sections with Alizarin

Red-S indicates the alternately deposited zones are calcite and dolo
mite.

Calcite forms the core of such vugs.

Figures 23 through 25 show the variation in intensity of alteration,
from incipient zebra rock to quite intensive alteration with coarse,
vuggy white dolomite.
alteration.

Figure 23 shows the earliest and least developed

Notice how the bands are sub-parallel with light and dark

alternately deposited layers, possibly resembling stromatolites of the
planar type.

Figure 24 shows a more intensely altered specimen, cor

responding to Figure 20 in Part B of this chapter.

Notice how the bands

are wider, the coarse-crystalline dolomite crystals are larger grained,
and the planar nature is less evident than in Figure 23.

Figure 25

shows a very intensely altered specimen in thin section, where the
vuggy coarse-crystalline dolomite is predominant and no remnants of the
suggested former planar nature remain.

Figure 26 illustrates a sample of zebra rock from the Black Cloud
Mine, Leadville district, where the zebra bands are displaced on either
side of a fracture.

Particularly note the upward curvature of the bands

at their contact with the fracture.

This is suggestive of fracture

control of fluids with the alteration taking place from either side of
the fractures outward.

Figure 27 shows a sample of zebra rock with iron stained fractures
connecting the vuggy coarsely crystalline dolomite areas and containing
some pyrite and occasional sulfides also.

This is suggestive of fracture-

control channels which may have formed mineralization and alteration of
the dolomite.
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Figure 23.

Photomicrograph, of fine-grained or incipient
zebra rock texture. Alternate coarse (light
colored] dolomite and fine (darker] dolomite
bands comprise the zebra texture. Note how
the bands are semi-parallel, somewhat re
sembling a laminated stromatolite.
xl5.6
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Figure 24.

Photomicrograph of medium-grained zebra rock
texture. Notice particularly how the coarsecrystalline variety of dolomite is wider banded
than in Figure 23. Also note the iron stained
fractures connecting the vuggy areas, both
parallel to and cutting the zebra bands. xl5.6
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Figure 25.

Photomicrograph of extremely coarse zebra
banding.
Note how large the fine-grained
crystals are in comparison to earlier
figures.
xl5.6
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Figure 26.

Photomicrograph of a specimen of zebra rock from
Black Cloud Mine, Leadville, Colorado.
A fracture
running from left to right is offsetting zebra
bands in this specimen of medium to well developed
banding.
xl5.6
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Figure 27.

Photomicrograph of coarsely crystalline dolomite
hosting lead-zinc mineralization in extremely
vuggy area. Also note iron stained fractures
connecting these vuggy areas.
xl5.6
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Figure 28 illustrates an intensely vuggy area in zebra rock, the
vugs of which are lined with crystals of alternately deposited calcite
and dolomite.

The calcite appears as darker bands, since it has been

stained with Alizarin Red-S.

D.

COMPARISON WITH SIMILAR FEATURES ELSEWHERE
Zebra rock also is found to occur in the Metaline, Washington dis

trict, and the thoughts developed on the origin of the rock types in that
district may be important to an understanding of the genesis of zebra
rock in the thesis area.

In the Metaline Falls district, Washington

zebra rock occurs in the Josephine Horizon (McConnel and Anderson, 1968,
p. 1467).

They describe the zebra rock as a rather coarsely crystalline

dolomite that is conspicuously striped light gray and dark gray, the
stripes being from 1/16 to 1/4 inch thick and ranging up to several
feet long.

These workers imply an organic origin for the zebra rock from the
following quote (p. 1467-1468):
nThe stripes are nearly parallel and are irregularly curved
or gently undulating.
Quite commonly, the striping is gen
erally convex upward.
Stripes usually occur in irregular
zones a few inches to a number of feet long and a few inches
to a foot or so thick.
Some zones of striping are flattened
mound-like bodies, some are discontinuous bed-like segments,
and many are mere patches of gently convex striping looking
like a cross-section of a laminated bun. Occasionally, mound
like agglomerations or "reefs” of zebra rock attain sizes up
to 10 feet thick and 50 feet long. Another form of zebra rock
exhibits spheroidal forms up to several inches in diameter, and
these spheroids usually are found in clusters a few feet across.
The gross form and distribution of zebra rock very strongly
suggest an organic origin . . . The spheroidal type also very
probably is an algal variety.
However, in both zebra types,
fine details of algal structure are not preserved and have not
been identified in thin section.”
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Figure 28.

Photomicrograph of alternately banded calcite
and dolomite crystal detected by staining with
Alizarin Red-S.
These crystals formed in a
vuggy, extremely coarse-crystalline dolomite
band in a specimen of zebra rock.
xl5.6
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In the Metaline district sphalerite is sometimes concentrated in
1/16 to 1/8 inch bands of white coarsely crystalline dolomite.

Similar

mineralization is encountered in the thesis area, with sulfides forming
in the vuggy coarse-crystalline areas of the zebra rock.

In a similar

fashion, laminated stromatolites, particularly from the Q-l zone of the
Bonneterre dolomite at the Sweetwater Mine, Viburnum Trend, Missouri,
are composed of alternate dolomite-sulfide mineralization in the ore
bodies.

In the Metaline district, as in Viburnum Trend, ore zones of

this general type, intermingled with irregular breccia masses, have
been mined over lengths of about 800 feet and across a maximum width
of about 200 feet.

In these two districts the algae seem to be more

abundant and have more of a definite effect on ore emplacement than
has been proven so far in the thesis area specifically and in the Lead
ville-Gilman area in general.

The study of zebra rock in the thesis area and the comparison of
its texture to that of rocks elsewhere has led to the suggestion that
it may have developed by selective replacement of algal laminated
stromatolites.

In support of this idea is the fact that Posada (1975,

p. 31) has followed stromatolite horizons near the Gilman district
into zebra rock alteration at that same stratigraphic horizon.

The zebra rock encountered in the thesis area may have formed by
replacement of algal material, but this association has not been fully
supported.

The close association of zebra rock with mineralization

would suggest an origin through alteration or from diffusion of fluids
through the dolomite.

The presence of iron stained fractures in zebra
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rock connecting vuggy areas that host lead-zinc mineralization would
suggest that zebra rock resulted from hydrothermal alteration.

Until

more evidence is gathered, the origin of the zebra rock must be left
open to further research.
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VIII.

MINERALIZATION

The thesis area lies only twenty-five miles south of the Leadville
district and it encompasses rock units which are the host for sulfide
ores in that classic mining district.

These two facts make the pre

sence of minor mineralization in the thesis area to be of special
interest to the writer.

The mineralization encountered in the thesis

area occurs in the Castle Butte, Redcliff, and Gilman Members of the
Leadville Formation predominately, with other spotty occurrences in
the Chaffee Formation.

The most pervasive mineralization occurs in

the Castle Butte Member of the Leadville Formation associated in some
places with the gossans, in other places with breccia bodies, and lo
cally with zebra rock or remnants of zebra rock alteration.

A.

FIELD OBSERVATIONS
The mineralization encountered in the thesis study is of three

main types.

These include:

1) primary galena, sphalerite, and pyrite

in coarsely crystalline dolomite; 2) galena, sphalerite, and copper
minerals in silicified breccia; and 3) galena and sphalerite in sili
cified and vuggy host rock that appears to have originally been coarsecrystalline zebra rock, or hydrothermally altered dolomite.

A feature

superimposed on this earlier mineralization is oxidized occurrences
of lead, zinc, and copper minerals.

At the Ruby Mine, Weston Pass

district, samples of gossan were found which preserved galena and
pyrite and showed associated secondary minerals of lead and zinc.
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The first type of mineralization, in coarsely crystalline, vuggy
dolomite, is observed at the Ruby Mine, and it appears to be the most
common type in the study area.

In this occurrence the galena and

sphalerite commonly form in the dolomite vugs of the coarse-crystalline
dolomite and are paragenetically later than the dolomite.

This type of

mineralization is locally found associated with zebra rock near occur
rences of breccia bodies.

A specimen of this type is shown in Figure

29, where mineralization occurs at the contact between breccia and
zebra rock.

A single locality exhibits mineralization contained in a silicified
breccia body.

The mineralization here consists of pyrite, chalcocite,

sphalerite, and galena forming small euhedral crystals in the cement
together with a smaller amount of disseminated grains within the breccia
fragments (Figure 30).

The fine laminations of some breccia cements

are preserved despite silicification and mineralization (Figure 31).
The chalcocite replaced pyritohedrons of pyrite and itself has been
altered to covellite in some of the specimens obtained from this lo
cality.

The pyrite is also commonly replaced by hematite and limonite

minerals (goethite and lepidocrocite) as observed from the gossan
material studied in Chapter V and illustrated in Figure 8.

A third type of mineralization observed in the thesis area is
that of previously coarse-crystalline dolomite which has been both
mineralized and then subsequently silicified.
consists of galena and sphalerite.

This mineralization

The sphalerite exhibits a greenish-
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Figure 29,

Breccia (lower half of specimen) and zebra rock
(upper half) with lead-zinc mineralization at
the breccia-zebra rock contact.
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Figure 30.

Silicified and mineralized breccia. Particularly
note disseminated mineralization in large breccia
fragments.
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Figure 31.

Silicified breccia with lead-zinc-copper
mineralization.
The fine laminations of the
breccia cement has been preserved during
silicification and mineralization.
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yellow color and contains many fluid inclusions, the geothermometry of
which is discussed later in this chapter.

Oxidation has undoubtedly taken place to some extent in all of
these types of ores where they have been exposed at the surface.

Oxi

dized minerals recognized by the writer in the field include cerussite,
anglesite, and possible smithsonite.

The mineralized specimens examined by the writer reveal a sequence
relative to the mineralizing process as follows:

1) brecciation;

2) regional dolomitization in the Leadville Formation; 3) local hydrothermal dolomitization; 4) mineralization and silicification;
5) oxidation.

B.

POLISHED SECTION STUDY
Polished sections were prepared and studied from several occur

rences in the thesis area to ascertain mineral identifications and
study ore textures.
purposes.
main types:

The Ruby Mine was also studied for comparative

The mineralization studied with polished sections is of two
1) dolomite vugs filled with galena, along with lesser

amounts of pyrite and chalcopyrite; and 2) sphalerite, pyrite, galena,
and chalcocite formed as disseminated grains distributed through a
silicified breccia, both in fragments and cement.

In the vuggy dolo

mite fillings, the paragenetic sequence is dolomite first, followed by
the sulfide minerals pyrite, chalcopyrite, galena, and sphalerite.
Pyrite and chalcopyrite can be seen to have formed slightly before
galena and sphalerite where the former are found deposited along the
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edges of the filled cavities.

Galena and sphalerite appear to have

been formed simultaneously throughout the vuggy areas of recrystallized
dolomite and zebra rock.

It is difficult to determine a paragenesis for the mineralized
breccia containing copper, lead, and zinc sulfides since the primary
mineral grains are disseminated and very seldom are two of these sul
fide minerals in contact with each other.

Some general observations,

however, regarding the character of this mineralization can be made.
The disseminated grains of chalcocite are shaped like pyritohedrons of
pyrite in cross-section, indicating that they are pseudomorphs after
pyrite.

The fact that this is the case is shown by the presence of tiny,

irregularly shaped remnants of pyrite toward the centers of some chal
cocite grains.

Covellite forms rims around some chalcocite grains.

Pyrite also is replaced by the iron mineral hematite, and the two li
monite varieties goethite and lepidocrocite.

To help illustrate the minerals and textures discussed above, a
series of photomicrographs will follow with a discussion of the ore
mineral textures and minerals observed in each.

The polished section

study has its main value in the examination of specimens of gossan and
breccia to determine the character of the primary mineralization and
the effects that oxidation has had on these ore minerals.

The first ore textures discussed are from the Ruby Mine, Weston
Pass district.

The gossan sample collected from the mine dump contains

galena and cerussite.

The secondary mineral of lead, cerussite (PbC03),
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exhibits "caries” texture where it is replacing galena as shown in
Figure 32.

The cerussite exhibits a colliform texture and can be seen

under high magnifications to consist of a series of light and dark
bands alternately deposited around the galena (Figure 32).

The mineralization at Ruby Mine occurs mainly in extremely coarsecrystalline dolomite and zebra rock within the vug fillings of coarse
dolomite.

Stringers and veinlets of galena were observed to connect

these areas.

Polished sections of a veinlet of this type contained

the primary minerals pyrite and galena, together with supergene alter
ation minerals.

The pyrite grain shown in Figure 33 was deposited on

the wall of a fracture prior to galena.

Galena is replaced by cerus

site and it can be seen as remnants, or "sea islands” in that supergene
mineral (Figure 34).

Pyrite commonly is partly or wholly replaced by

the supergene iron minerals, hematite, goethite, and lepidocrocite
(F igure 34).

Figure 35 is also from Ruby Mine and shows relatively unaltered
dolomite crystals in a mineralized specimen of zebra rock hosting ga
lena and cerussite mineralization.

The fact that the dolomitic rhombs

are not replaced by the mineralization can mean either that dolomiti
zation and mineralization are nearly simultaneous or that dolomite was
stable in the presence of subsequent mineralization.

Progressive replacements in mineralized and silicified breccias
are illustrated in Figures 36 through 38.

The main sequence is pyrite

replaced by chalcocite, which has, in turn, been replaced by covellite,
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Figure 32.

Photomicrograph of caries teocture in which
cerussite (gray) corrodes galena (white).
Cerussite exhibits colliform texture with
strong development of banding. Specimen
from gossan obtained from Ruby Mine dump,
Weston Pass district.
xlOO
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Figure 33.

Photomicrograph showing pyrite [white) with an
alteration rim of limonite (light gray) enclosed
in a galena vein (white). Cerussite (medium
gray) forms a ragged replacement rim about the
limonite-coated pyrite grain.
xlOO

% *\
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Figure 34.

Photomicrograph of pyrite (white, crystals) and
galena (white, irregular shape). Pyrite is re
placed by secondary iron minerals (light gray)
in lower half of the photomicrograph and galena
is replaced by cerussite in the upper half
(medium gray).
xlOO

34

Figure 35.

Photomicrograph showing relatively unaltered
dolomite (medium gray) crystals included in
galena (white)• Cerussite (light gray) re
places galena along dolomite crystal boundaries.
Ruby Mine.
xlOO
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or pyrite replaced by iron minerals.

Iron sulfide appears to be re

placed by copper sulfide, followed by replacement by the secondary
iron minerals, hematite, goethite, and lepidocrocite.

Replacement of pyritohedrons of pyrite by the limonite minerals
goethite and lepidocrocite is shown in Figure 36.

Next occurs

replacement of pyrite with chalcocite (Figure 37), the chalcocite in
turn being replaced by covellite.
in Figure 38.

Pyrite is being replaced by covellite

Apparently chalcocite was present at one time and is

mostly replaced by covellite.

A photomicrograph of galena and the reddish-brown variety of
sphalerite is shown in Figure 39.

The galena is surrounded everywhere

by sphalerite, suggesting galena deposition before the sphalerite.

C.

FLUID INCLUSION STUDY
Thin slabs of sphalerite, dolomite, and calcite were polished and

examined for fluid inclusions with the intent of determining the tem
perature of formation of these minerals.

The dolomite was found to be too fine-grained for use with the
equipment available.

In this regard, Schmidt (1962, p. 7) also found

this to be a problem with the gray dolomite in the Tri-State district.
Tweto (1968) was able to study fluid inclusions in zebra rock dolomite
at Gilman and determined filling temperatures between 200°C and 300°C.

Calcite from the breccia at Newett was found to contain inclusions
of low temperature character.

They are single phase inclusions which
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Figure 36.

Photomicrograph showing pyritohedrons of
former pyrite replaced by the limonite minerals,
lepidocrocite (lighter) and goethite (darker).
This mineralization is present in fine-grained,
silicified Breccia cement.
x25
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Figure 37.

Photomicrograph of pyrite (white) pyritohedron
partially replaced by chalcocite (light gray) and
covellite (medium gray areas within chalcocite).
xlOO
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Figure 38.

Photomicrograph of pyrite (white) partially re
placed by covellite (light gray, bladed texture)
and limonite (medium gray).
xlOO
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Figure 39.

Photomicrograph of galena (white) in sphalerite
(light gray). From an occurrence of mineraliza
tion in coarse, vuggy, recrystallized dolomite.
xlOO
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are completely filled with liquid, suggesting that the calcite has formed
at normal temperatures and pressures similar to those existing at the
surface today.

The sphalerite encountered in the thesis area is of two types,
both forming in vuggy dolomite.

The most common is a dark reddish

brown variety which does not transmit sufficient light to reveal the
presence of inclusions.

The second type is yellowish-green in color

and forms in vugs with dolomite.

It contains abundant two-phase (liquid

and gas) fluid inclusions, as shown in Figure 40.

A very limited

amount of geothermometry was done on these inclusions.

The temperatures

of homogenization measured for two-phase inclusions in the yellow-green
sphalerite range from 148°C to 180°C.
at the temperature of homogenization.

Most of the inclusions ruptured
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Figure 40.

Photomicrograph of two-phase (liquid-gas) fluid
inclusions in yellow-green sphalerite.
The light
inclusion in the right upper central portion of
the photomicrograph contains a bubble at its left
end, and this inclusion homogenized at 180°C. Some
of the inclusions are linear and "neck down" along
their trend.
x62.5
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IX.

COMPARISON WITH OTHER DISTRICTS

The mineralization encountered in the thesis area has been shown
to be associated with:

1) breccia bodies of solution-collapse origin

developed during the existence of a karst situation; 2) zebra rock al
teration; and 3) other recrystallized and vuggy dolomite.

These

features, together with the low temperatures of homogenation determined
for the yellow-green sphalerite, bear some resemblance to MississippiValley type deposits.

The mineralization found in the thesis area is most similar to
that found in the funnel shaped ore bodies formed in brecciated areas
at Gilman, Colorado, even though the Leadville district is closest to
the thesis area.

Callahan (1967, p. 17, Table I) has hypothesized that

Gilman may be a Mississippi-Valley type of deposit.
support this idea include:

Features which

intensive dolomitization, relatively low

temperatures of formation, rather simple lead-zinc-silver-copper min
eralization, and formation of ore bodies in solution-collapse breccia
bodies along the major Mississippian-Pennsylvanian unconformity.

Other districts of suggested similar origin with carbonate host,
major unconformities overlying the horizon containing ore, and mainly
lead-zinc mineralization are numerous.

These include the Northern Tri-

State (Illinois, Wisconsin, and Iowa); East Tennessee district; Metaline
Falls, Washington; Tri-State district (Missouri, Kansas, and Oklahoma);
and others (Callahan, 1967).

Three districts with ore bodies deposited
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in solution-collapse structures below the Mississippian-Pennsylvanian
unconformity include Tri-State; Goodsprings, Nevada; and Gilman, Colorado.

One feature which does seem to set Leadville and Gilman type de
posits apart from the Mississippi-Valley type is that the temperature
of formation of the former is higher.

For example, Prost (1975, p. 82)

in a description of the mineralization at Weston Pass, ten miles south
east of Leadville and about ten miles northwest of Buffalo Peaks, found
that the calcite and dolomite gangue indicated a maximum temperature of
formation of 300°C, and the lead-silver association indicates a maximum
at about 250°C.

Earlier workers (Behre, 1932; Laughlin and Behre, 1934)

tried to associate all deposits in the Leadville region with concentric
zoning around the Breece Hill Stock.

The presence of low temperature

minerals led them to believe that Weston Pass deposits and others are
"distant facies" of the Leadville district.

The mineralization in the

thesis area, however, may have been derived from a different source
than in either the Leadville or Weston Pass deposits.
of lead isotope ratios might be useful in this regard.

A comparison
One other

tool that may prove useful would be to use cathodoluminescence for
determining alteration of the host and ore fluid pathways.

Proctor (1964) made a study of fringe zone alteration and mineral
ization in the North Tintic district, Utah.

He found hydrothermal

dolomite and other alteration effects diminishing north and north
eastward away from the main district.

However, halos of more intensive

alteration were observed around all mineralization encountered away
from the main district, no matter how minor in importance.

He indicated
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in that article that careful mapping of partly exposed hydrothermal
alteration patterns in carbonate rocks would serve as a guide to out
line centers of mineralization.

Such mapping combined with geochemical

sampling may be an effective tool for predicting the presence of hidden
or partly covered mineralized areas through the distribution of the
Leadville Limestone.
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X.

SUMMARY AND CONCLUSIONS

The principle contribution of this thesis study has been to map
and separate into distinctive stratigraphic units the lithology be
tween Trout Creek and Buffalo Peaks.

Breccias, gossans, dolomite

facies, and mineralization which occur most commonly in the Leadville
Limestone were also studied in the thesis area.

Supplementary lab

oratory study was oriented toward finding relations between those
features in the Leadville Formation.

The gossans are believed to represent leached cappings or sites
where mineralization originally occurred, but has been subsequently
removed by weathering, solution, and ground water.

Such areas are

good targets for geochemical sampling and possible centers of mineral
ization.

The "zebra rock" found throughout the thesis area is interpreted
to represent hydrothermal dolomite alteration.

These features appear

to be restricted to the Castle Butte Member of the Leadville Formation.
The zebra rock is usually found near mineralization, although mineral
ization has not been found at each zebra rock occurrence.

Additional

study may well show a direct relation between the altered dolomite and
mineralization.

Whether this zebra rock is selectively replacing

planar algal stromatolites has not been proven, but the writer specu
lates this may well be the case.
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Breccias studied in the thesis area are interpreted to have been
formed by solution-collapse associated with an active karst topography
during the post-Leadville and pre-Belden time.

The presence of illite

clay in the breccia bodies and its similarity to the clay in the overlying Molas regolith suggests a direct relation both in time and space
between the existence of a karst topography, the formation of the Molas
regolith, and the breccia bodies.

Mineralization was observed in areas underlying or near gossans,
in breccia bodies, and near zebra-rock dolomite occurrences, although
mineralization is not present in all such features in the thesis area.
The mineralization is predominately lead-zinc-copper-iron in the form
of sulfides with oxidized minerals present locally, varying with the
amount of exposure and character of the gangue.

Silicification commonly

occurs with mineralization.

From the above evidence, a series of events in the mineralization
process is suggested.

This includes:

1) brecciation; 2) dolomitiza

tion beginning with the formation of breccias during karst time and
continuing with later hydrothermal dolomitization associated with min
eralization; 3) mineralization and associated dolomitic alteration and
silicification; 4) silicification mainly during mineralization; 5) for
mation of gossans above mineralized areas due to oxidation and weathering.

Sulfide ores in the thesis area are somewhat similar to the Weston
Pass deposits.

Fluid inclusion temperatures in sphalerite show a tem

perature variation from 148°C to 180°C.

This is lower than any
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temperatures recorded for the Leadville ores.

The measured tempera

tures are at the upper limit of those found in Mississippi Valley type
ores.

The writer believes that mineralization formed in hydrothermal
dolomite and solution-collapse breccias in the thesis area is like that
of Mississippi-Valley type and is similar in origin to those deposits.
Facts supporting this hypothesis are the localization of the minerali
zation near breccias, the low temperature of formation of the sphal
erite, the lack of evidence of any type of intrusive igneous rocks in
the thesis area, and the rather simple lead-zinc-copper type of min
eralization present.
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